Objectives-Concurrence of coronary atherosclerotic lesions and intracranial aneurysms has been pointed out in several postmortem and clinical studies. However, the relative risk for intracranial aneurysms in patients with ischaemic heart disease remains uncertain. The aim of this study is to elucidate clinically whether ischaemic heart disease is a risk factor for intracranial aneurysms. Methods-Between October 1993 and May 1995, 84 patients with ischaemic heart disease with angiographically established coronary artery stenoses who had no history of stroke (ischaemic heart disease group; men:women=58:26, mean (SD) age=61.1 (9.6) years) and 200 age matched subjects with minor neurological disorders who had no history of ischaemic heart disease (control group; men-:women=117:83, mean (SD) age=62.0 (9.2) years) were screened with magnetic resonance angiography (MRA) for the presence of unruptured intracranial aneurysms. For all MRA positive patients, selective angiography was then undertaken. Results-In the ischaemic heart disease group, the frequency of unruptured intracranial aneurysms established angiographically was 3.4% for men and 15.4% for women, compared with 2.6% and 3.6% respectively in the control group. Multiple logistic regression analyses disclosed that ischaemic heart disease was a significant and independent predictor for intracranial aneurysms in women. Conclusions-These results suggest that in women ischaemic heart disease is a risk factor for intracranial aneurysms. Coexistence of intracranial aneurysms should be suspected in women patients with ischaemic heart disease. (J Neurol Neurosurg Psychiatry 1998;64:536-538) 
Although the pathogenesis of intracranial aneurysms still remains unclear, it has been pointed out that three main factorsdevelopmental faults in the media, atherosclerosis, and hypertension-have roles of varying importance according to the age at which the intracranial aneurysm develops. 1 Atherosclerosis is often evident in patients with intracranial aneurysms. 2 Postmortem studies documented the concurrence of coronary atherosclerotic lesions and intracranial aneurysms, suggesting that patients with intracranial aneurysms had three times the risk of coronary artery disease. 1 3 Iwata et al 4 reported that unruptured intracranial aneurysms were detected on intracranial intra-arterial digital subtraction angiography in four (5.6%) of 72 consecutive patients who underwent coronary angiography for the diagnosis of angina pectoris. However, no systematic clinical study has been carried out and it remains uncertain whether ischaemic heart disease is a risk factor for intracranial aneurysms.Current advances in magnetic resonance angiography (MRA) allow this technique to be used in the detection of unruptured intracranial aneurysms 5 instead of invasive selective angiography, currently the gold standard in the diagnosis of intracranial aneurysms. 6 Examination by MRA, which has an acceptable sensitivity and specificity for detecting unruptured intracranial aneurysms, is suitable for a screening test. 5 6 We studied the relation of ischaemic heart disease with intracranial aneurysms, comparing the prevalence of unruptured intracranial aneurysms in patients with ischaemic heart disease with that in age matched subjects with or without vascular risk factors who had no history of ischaemic heart disease. In this study, cerebral MRA was used for a screening measure for unruptured intracranial aneurysms and selective cerebral angiography was then used for verification in all MRA positive patients.
Patients and methods
There were patients with ischaemic heart disease and angiographically established coronary artery stenoses who had no history of stroke (ischaemic heart disease group) and 200 age matched patients with minor neurological disorders and various vascular risk factors who had no history of ischaemic heart disease (control group). The ischaemic heart disease group comprised 26 women and 58 men ranged in age from 40 to 79 (mean (SD) 61.1 (9.6)) years, and the control group comprised 83 women and 117 men ranged from 41 to 79 (62.0 (9.2)) years. The ischaemic heart disease group consisted of patients consecutively admitted to the cardiology service of our hospital for known ischaemic heart disease between October 1993 and May 1995 whose coronary angiography showed coronary artery stenoses and who agreed to enter the study. Critically ill patients, those with a history of stroke, and those who had a pacemaker were excluded. The control population was selected from a list of patients with minor neurological disorders seen in the same period who agreed to take part in the study, detailing age and sex only. Patients with known or suspected ischaemic heart disease, and those with intracranial haemorrhages, intracranial neoplasms, or head traumas were excluded. Sixty patients had a single lacunar stroke, and 140 patients had other non-specific neurological complaintsfor example, muscle contraction headache, migraine, and dizzy spells. Informed consent was obtained from all subjects before they entered the study. Unruptured intracranial aneurysms were first screened with intracranial MRA, and selective cerebral angiography was then undertaken in all MRA positive patients for verification. All MRA examinations were performed with a 1.0 tesla system (Magnetom Impact; Siemens) and a validated procedure for evaluation of intracranial arteries. 7 8 Images were acquired by a three dimensional, Fourier transformed time of flight method. The indices of intracranial MRA were repetition time of 35-40 ms, echo time of 7 ms, and a flip angle of 15°. The number of excitations was one. We used two volume slab orientations, a horizontal section, and a section parallel to the clivus, thereby covering the view and compensating the signal attenuation due to flow direction. A 128 × 128 × 64 matrix was used, with a field of view of 120 × 120 mm and a partition thickness of 1 mm, resulting in a 0.94 × 0.94 × 1 mm voxel. The axial images thus acquired were used as source data for the construction of projection images with the use of a maximum intensity pixel projection algorithm. In each case, nine projection images at 22.5°incre-ments vertical and horizontal over a 180°range were provided. Two investigators (TU, MT) who were blinded to all clinical information independently reviewed all MRAs for the presence of intracranial aneurysms. For all patients whose MRA findings were rated as positive by either of the reviewers, selective angiography was then undertaken. For risk factor evaluation, we recorded the presence or absence of hypertension, diabetes mellitus, hyperlipidaemia, and smoking habit in all subjects. All female patients were also checked for use of oral contraceptives. Hypertension was judged as present when repetitive measurements of blood pressure showed a systolic pressure above 160 mm Hg or a diastolic pressure above 95 mm Hg, or when the patient had a history of treatment for hypertension. Diabetes mellitus was diagnosed when a fasting blood glucose concentration was above 140 mg/dl or when the patients had a history of treatment for diabetes mellitus. Hyperlipidaemia was defined when a serum lipid examination showed a serum total cholesterol concentration above 220 mg/dl, triglyceride concentration above 150 mg/dl, or HDL cholesterol concentration below 40 mg/dl, or when the patients had a history of treatment. As a sex related difference in the frequency of intracranial aneurysms has been well recognised, [9] [10] [11] [12] the analysis was performed for each sex. Multiple logistic regression analysis was used to estimate independent eVects of the predictive variables on intracranial aneurysms. All statistical analyses were carried out with SAS Release 6.10 software. The level of significance was set at p<0.05 for all analyses.
Results
Of 17 MRA positive patients, intracranial aneurysms were verified on selective angiography in 12, including seven aneurysms located on the middle cerebral artery (MCA), four on the internal carotid-posterior communicating artery (IC-PCoA), two on the vertebralposterior inferior cerebellar artery, and one on the cavernous portion of the internal cerebral artery (ICA). One patient in the ischaemic heart disease group had three aneurysms (one on the MCA, one on the IC-PCoA, and one on the cavernous portion of the ICA). The diameter of the aneurysms varied from 3 mm to 7 mm. The causes of the five MRA false positives (on the anterior communicating arteries in two patients, on the IC-PCoA in two patients, and on the MCA trifurcation in one patient) became subsequently evident on selective angiography, including formation of loops, overlapping of vessels, and IC-PCoA infundibular dilatation. In the patient with multiple aneurysms, an aneurysm on the ICA had been overlooked on MRA. Intracranial aneurysms were found in six (7.1%) of 84 patients in the ischaemic heart disease group and six (3.0%) of 200 patients in the control group. The frequencies were 15.4% (four of 26) for women and 3.4% (two of 58) for men in the ischaemic heart disease group, and 3.6% (three of 83) for women and 2.6% (three of 117) for men in the control group. Table 1 summarises the possible risk factors. In women, there was no significant diVerence between the ischaemic heart disease and control groups, whereas in men the incidence of diabetes mellitus and hyperlipidaemia was significantly higher in the ischaemic heart disease group than in the control group. No female patients in either group had used oral contraceptives. Multiple logistic regression analyses disclosed that ischaemic heart disease was a significant and independent predictor for intracranial aneurysms in women (table 2) but not in men, in whom there were only a few intracranial aneurysm positive patients.
Discussion
According to several large postmortem series, the prevalence of incidental intracranial aneurysms is 2% to 5%. 9 In recent angiographic studies, the frequency of asymptomatic aneurysms ranged from 1% to 6.5%. 10 13 14 Although the prevalence of unruptured intracranial aneurysms may vary with constituents of the population-for example, age, sex, race, and risk factors-and the sensitivity may vary with each method of examination, our results, except for those in female patients with ischaemic heart disease, were comparable with those of previous studies.The incidence of intracranial aneurysms was predominant in women and increased with age. [9] [10] [11] [12] Several cohort studies have reported that hypertension 9 11 12 15 and smoking [15] [16] [17] predisposed to subarachnoid haemorrhage. A systematic review showed that smoking, hypertension, and alcohol misuse were important risk factors for subarachnoid haemorrhage. 18 Oral contraceptives was also considered as a risk factor. 17 19 In this study multiple logistic regression analyses, in which age, hypertension, and smoking habit were considered as independent variables, showed that only ischaemic heart disease was a significant and independent predictor for intracranial aneurysms in women. Previous studies 9 11 showed that there was a male predominance in the incidence of intracranial aneurysms under 20 years of age but a female predominance in patients over 60 years of age. The eVect of recurrent pregnancies on the connective tissue and rapid progress of atherosclerotic change after the menopause could play some part in aneurysmal formation in women. 9 10 12 A population based case-control study found postmenopausal women to be at higher risk for subarachnoid haemorrhage than premenopausal women. 20 Postmenopausal women and women who have undergone oophorectomy reportedly also had a higher risk of coronary artery disease than premenopausal women of similar ages. 21 Thus for postmenopausal women a common mechanism such as decreased oestrogen concentrations could aVect formation of intracranial aneurysms and coronary atherosclerosis.
In conclusion, our results suggest that the coexistence of intracranial aneurysms is highly suspected in female patients with ischaemic heart disease. Our finding is to be further substantiated in a larger population based study.
